Declassified i - iti
ified in Part - Sanitized Copy Approved for Release 2012/04/03 : CIA-RDP82-ODO39ROO200010024 3 U

The Chemical Separation of the Elements

and Tsotopes Formed During Fission of Uranium

(Genez:gt_]_.__}’_art)

otto Hahn and Fritz Strassmam

i Abhandlungen der Preussischen Akadenie der Wissenschaften, 190,
! Ma.'bhematisch—naturwissenschaf’oliche ¥lasse, No 12

i [ Transactions of the Prussian Academy of Sciences; 1905
Mathema‘bical—scientific Series, Wo 12_

: Berlin: 19Ll. (Published by the Acadeny of Sciences.
Commission with the Walter de Gruyter Co.)

STAT

[ " Declassified i - i ‘ '
ified in Part - Sanitized Copy Approved for Release 2012/04/03 : CIA-RDP82-00039R000200010024-3



/ il \ |
Declassified in Part - Sanitized Copy Approved for Release 2012/04/03 : CIA-RDP82-00039R000200010024-3

STAT

TRANSACTIONS OF THI PRUSSIAN ACADEMY OF SCIENCES 19LL

MATHSMATTCAL-SCIENTTFIC SERIES NUMBER 12

150 TOPES
THE CHEMICAL SEPARATTION OF THE ELEMENIS AND ATOM ARESEFONS FORMED

Fission
DURING THE SPEEEEENG OF URANIUM

(GENERAL PART)

OI''0 HAHN AND FRITZ STRASSMANN

Berlin 19LkL

Published by the Academy of Sciences under the auspices

of Walter de Gruyter and Company i
-] !

ii

y

Declassified in Part - Sanitized Copy Approved for Release 2012/04/03 : CIA-RDP82-00039R000200010024-3



Declassified in Part - Sanitized Copy Approved for Release 2012/04/03 : CIA-RDP82-OOO39ROOO20010024-3

FOREWORD =

In a report, "Notes Concerning the Experimental Unraveling
of the Elements and Atom Variations which Occur During the Splitting
of Uranium", (O. Hahn, I's Strassmann and H. ngte, Trans. Preuss
Acad, Sciences, 19L2, Math, - Science Series Number 3.) it was shown
by a number of examples how conclusions could be drawn from the ace
tivity curves of tne products as to the uniformity or multiplicity
of the atom variations involved, It was also shown whether isotopes
of the same elements or transformation series were involved. The
method of unraveling was systematically presented by using the ex- 1
ample of the numerous strontium isotopes -~ their transformation
products and their mother substances, -- which occur during splitting.
The significance was pointed out which the changes of the physical
working and measuring conditions for the interpretation of the pro=

cesses involved,

Methods for the chemically pure production of the elements

were only occasionally referred to.

A number of active isotopes, well suited for indicator ex-
periments, are present among the fission products, and these iso-
topes are of significance., A number of these active isotopes
cannot be produced or have until now not been produced according
to nuclear processes. Otheg\are prepared from uranium rather than
by the usual methods from the same or neighboring elements. This
presents considerable advantages. Therefore it is desirable to
describe the chemical separation of the fissilon products and to
examine in detail methods of producing short-lived isotopes, Of
special interest are the short-lived substances, for they are the : 3

suspected initial units of the transformation series, For this
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yeason mebhods used here differ in geveral respects from the known,
proved analytical separation methods due to the necessity of rapid
procedures Before trealbing the actual toplc something should be
mentioned concerning the operation with radiocactive atom variationse
Essentially these are observations collected over & period of years
at the Kaiser-Wilheln Tnstitute for Chemislirye General information
concerning the processing of uranium, the separation of the rare
gases, reference to the method of analysis with several analytical
short cuts, and jinformation concerning the processing and measure-
ment of the products 18 given. Systematic description of the
separation of individual elements and their isotopes will follow

later in a second parte

DIFFERENCE BEIWEEN CHEMICAL AND RADIOACTIVE METHODS

An essential gifference exists between chemical and radio-
active methods of investigation. In the case of the usual chemical
reactions the unchanging, stable elements are investigated, To do
this trillions of atoms oT molecules are generally necessary. 1n
the case of radioactive methods the atoms waich transform them-
selves during the measurement are measured by radiation particles
which are thereby emitbted, Thus the atoms which trensmute in a
given length of time, not the number of those present, are 2
standard of proof. Accordingly the analysis of chemical elements
is superior to analysis of normal chemical reactions. IU is
possible to trace the emitted radiation particles to the individual
atoms which emit the parbicles. This is made possible by the great
amount of energy with which the radiabion particles are emitted from
the transmubing atoms. The resulting strong ionization of the gas
molecules struck by the particles is sufficient for the analysis of
the individual radiation particle in a Wilson cloud chamber or a

counter,
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THE SMALLLST AMOUNTS OF SUBSTANCE RELVAIN THETR SPECIFIC PROPERTTES

since the analysis is 80 sensitive, we ask ourselves, to
what degree do the atoms of the elements retain their specific
chemical propervies? Do the characteristic reactions eventually
stop? It may prove interesting o review the investigations by
gtrassmann and Hahn which led to the discovery of the splitting

of uraniuma

we found several syntheticaLly—active atom variations
during the exposure to radiation of uranium with neutrons which
we Lhought to be radium isotopss. A few thousand atoms were in-
volved with weight quantities of approximately one frillionth of 3
a gram, Barium, being very similar to radium, served as the carrier
agent for these minute quantities. The presumed radium isotopes
did not behave quite as we had assumed for radium. We were unable
to separate 1t from barium by fractional distillation despite the
fact that we used methods which had proved themselves through
many years of experience in the separation of radium or its iso-
topes, mesothorium and thoriun X from barium. We prepared minute
active quantities of natural radium isotopes, mesothorium and
thorium X, to prove whether the few thousand atoms of our syn-
thetically-active atom variations behaved other than as known
chemically—characterized element representatives. The minute
quantities behaved exactly as supposed. They concenbrated as
chlorides and bromides and diluted as carbonates. We then mixed
the weak synthetic isotopes with the weak natural isotopes. Re~
pealing the fractional distillations with barium, we observed that
the natural radium eventually separated from barium as supposed.

However, the synthetic radium did not. This proved the fission of
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uranium, These experiments show that the chemical properties are : !

retained down to the most minimal of concentrations.

APPARENT EXCEPTTONS IN THE CASE OF SURFACE-RLCH PRECIPITATES

During the work with active atom variations, exceptions con=
trary to the chemical nature of their elements appear at times. in
that case the inactive element will behave under the given conditions
just like the much more easily analyzed active element, Apparent

exceptions of this nature are frequently encountered.

Tt is known that lead salts do not precipitate with an ex-
cess of sodium nydroxide, bub do so with amronia, If, for example,
small quantities of ferric salts which contain the lead isotope Th

g B are precipitated with excess sodium hydroxide the lead does not
remain in solution. It precipitates quantitatively exactly with
ferric hydroxide as in the precipitation with ammonia. The small
guantities of lead are adsorbed by the ferric nydroxide precipitate.
Ordinary lead reacts in the same manner. The adsorption may be

demonstrated by gradual addition of inactive lead to active lead.
J

A method of separating uranium from uranium X depends upon
a similar process, Uranium is precipitated together with ferric
hydroxide as ammonium uranate with ammonia, and the ammonium uranate
is brought into solution again by treatment with ammonium carbonate.
One would expect, that the thorium isotope uranium X, precipitated
with iron, would again go into solution, since thorium hydroxide is
soluble in ammonium carbonate. But it remains adsorbed to the iron
precipitate despite the fact that weighable gquantities of thorium

hydroxide could be separated from iron in this manner. |
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On the other hand, unweighable quantities of a uranium Lso=

tope could be separated from weilghable quantities of thorium in the

same manner, The uranium would be adsoroced by Uhe ferric hydroxide,

and the thorium would g£o into solution.

Tn the case of surface-rich, amorphous, or microcrystalline

precipitates, atom variations, which do not belong to the precipi-

tates, may be carried over, The precipitate must therefore be dis-

ied, Thie is done by

solved and reprecipibated in order to be pur
adding, in weighable quantities during the dissolving and reprecipi-
tation, the foreign element which contaminates vhe precipitate.
This added element strongly dilutes the active isotope atom vari-

ation which is to be separsled, The newly adsorbed component is
radioactively no longer or hardly detectable, Subsequent dis-
solving and reprecipitation under the same reguirements will com~-
plete the separation of resistant atom variations which were carried
over, The quantity of the inactive element to be added depends
upon whether the active atom variation, introduced with the added
element and to be separated from tne surface-rich precipitate, is
te be obtained or not, If active atom variations are to be
separated in small weighable quantities, then too large additions

to the added inactive atom variations may interfere.

The group separation of "rare earths" from the alkali earth
mebals is an example from the wyurenium fission®., The earths are
precipitated with ammonia, free from carbon dioxide, using several
milligrams of iron as carrier., To prevent the simultaneous pre-
cipitation of active barium and strontium, 100 to 200 milligrams
of barium or strontium or both elements are added, After repeated

dissolving and reprecipitation the iron is absolutely free from the
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sctive alkali earth metals, even though the emmonia was not com-
pletely free from carvon dioxide. ‘The earths wnich were precipl=
tated with the iron may now be separated without {earing that
yttrium and lanthanum isotopes will reform from the remains of the
not too remote strontium or barium, the mother substances of the

yutriun and lanthanmun,
ADVANTAGES OF COARSELY CRYSTALLIZED PRECIPITATES

Surface-weak, crystallized precipitates have a weak adsorp-

This enables one to fre~
cuently separate the radic-active isotope Iroum the salt of the in-
active isotcpe carrier-element’ in a mixture of various active atom

variations by a single precipitation, Good examples of this are

found Curing e processing of numerous isotope-mixtures which

occur duri

the splitting of uranium. It is possible, for example,
to obtain in a practically pure state the gvathetically active
barium isotopes after adding weighable barium quantities. This is
- r
obtained from a hydrochloric acid solution of thefgadiated uranium
by means of concentrated hydrcchloric acid after a single pre-
cipitation of barium chloride. This is true even in the case of
reprecipitation of the barium, where it is obtained absolutely
free from all other dissociition products, uranium, and its trans-
formation product U X. The barium yield is however not entirely
quantitative, However, the vield may easily be determined in the
usual manner ﬁy a barium determination. If barium sulfate, which
is usually used for quantitative barium precipitation, were chosen
instead of the barium chloride, which is difficultly soluble in
strong hydrochloric acid, the surface~rich barium sulfate would be

partly adsorbed together with a number of other synthetically active
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atom variations including uranium and uranium X, This method, there-

fore, would not acnieve the purpose,

Equally favorable methods of separation are available for
cesium in cesium silico tungstate, uranium in uranyl-sodium ace-
tate, zircon in zircon oxychloride, In the latter case, however,
active barium may not be present with weighable quantities of
barium, In the strong hydrochloric acid solution from which the
oxychloride is precipitated the barium would also be precipitated
as chloride, Active zircon as well as aclive barium would be

present in the precipitation mixture,

Good crystallization ability of the precipitates is a pre-
requisite for reactions yielding only pure isotopes. It is not
even necessary thal the active atom variation which is to be pre-
cipitated be an isotope with tie inactive binding constituent.

It is sul

icient that the active atom veriation forms mixed crystals
with the binding constituent in the separation used for precipi-
tation, Thus barium is precipitated with Sr in strontium nitrate,
Cs with Rb-stannic chloride, and element 93, valence 6, with the

uranyl sodium acetate,
PREPARING THE URANIUM, WHICH WAS EXPOSED TO RADIATION, FOR ANALYSIS

Artificial radiation sources used in Germany and the use of
radium-beryllium products as neutron sources, make it necessary to

completely separate the uranium in order to obtain individual

fission products. The ,é?—radiation uranium X, which originates
from uranium makes this necessary., Ten grams of uranium show a i
,ﬁg-activity of more than 1 million particles per minute in a :

. 1 ]
Geiger-Muller counter as a result of uranium X. The vield of the i ]

g
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individual fission products 18 at least three magnibudes smaller
when using one gram padium + beryllium as & neutron source, even
when the slowed neutrons are active in a favorable position of the
product., In order not to obtain the fission producls in a too low
intensity, greater quantities of uranium (up to several hundred

grams) must be exposed 1o radiation.

Various alternatives for processing Lhe uranium present
themselves, according to the quantitvy of uvranium exposed to
radiation. I several 100 gran quantities of uranium were exposed

to radiation, the uranium will be present in the form of a nitrate.

Consequently it is insignificant whether the exposure to radiation
of the uranium takes place in solution or in the form of solid
salt, If the uranium nitrate is crystallized by fractionating it
several times, tne first crystal fractions of the uranyl nitrate
contain practically no fission products. The greater part of the
uranium may be removed in this manner. However, the total ouan-
vity of the uraniwn X remains in the lyes with the figsion products
and must be separated from them later. Svbsequent processing may
proceed in various manners, depending upon which fission products

are preferred, (Special Part).

The "ether-method!" 1s used to obtain smaller quantities of
uranium more rapidly. The vranium is exposed to radiation as
crystallized, hydrous nitrate, and after the exposure to radiation
it is dissolved in ether in a separatory funnel. For each 10 grams
of uranium salt 10 cubic centimeters of ether are necessary. The
watery phase obbained from the crystal water contains small quan-
tities of uranyl nitrate and practically all fission products. By

repeated extraction of the ether solution with a small quantity of

-9 -
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water, the fission product yield can be improved, This also in-
creases the uraniuvm quantity, which must again be separated later,
This method perrits the separation of approzimately 90 percent
urenium from the fission products, using limited quantities of
vranium, and within only a few minutes, Uranium'X is still
present in the fission products. Three methods are available

for further processing:

(1) The separation of uranium as sodium pyrouranate by
precipitating the uranium solution with sodium hydroxide, The
sevaration of the larpest part ol the synthetic alkali and alkali.

r

earth metals from uj and uranium X results.

(2) The dissolving of uranium into uranium ammonium car-
bonate, by dissolving the precipitate in excess ammonium carbonate,
The uranium was precipitated as ammonium pyrouranate with ammonia,
Separation of' uranium from synthetically active earths, zircon,

niobium, etc,results, Uranium X remains among the earths,

(3) The precipitation of uranium as uranyl sodium acetate
by precipitation with sodium scetate from an acetic acid solution,
The separation of the largest part of the uranium from all fission

products including uranium X results,
Further details are discussed in the special part,

A prior separation of uranium is not necessary for the pro-
duction of a series of fission products, as in the case of metals
precipitated with HoS. The alkali earths, barium and strontium,
may also be directly obteined from the uranium product which was

exposed to radiation., Uranium in the form of ammonium pyrouranate

is selected for the purpose of exposure to radiation. This is

~ 10 -
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water, the fission product yield can be improved., This also in-
creases the uranium quantity, which must again be separated later,

This method permits the separation of approximately 90 percent

uranium from the fission products, using limited quantities of
vranium, and within only a few minutes, Uranium'X is still
present in the fission products, Three methods are available

for furtner processing:

(1) The separation of uranium as sodium pyrouranate by
precipitating the uranium solution with sodium hydroxide, The
separation of the largest part of the synthetic alkali and alkali

<

earth metals from uranium and uranium ¥ results.

(2) The dissolving of uranium into uranium ammonium car=-
bonate, by dissolving the precipitate in excess ammonium carbenate,
The uranium was precipitated as ammonium pyrouranate with ammonia,
Separation of uranium from synthetically active earths, zircon,

niobium, etc,results, Uranium ¥ remains among the earths,

F

(3) The precipitation of uranium as uranyl sodium acetate

by precipitation with sodium scetate from an acebic acid soluticn,

The separation of the largest part of the uranium from all fission

products including uranium X results.
Further details are discussed in the special part,

A prior separation of uranium is not necessary for the pro-
duction of a series of fission products, as in the case of metals ;
precipitated with HoS. The alkali earths, barium and strontium,
may also be directly obtaeined from the uranium product which was
exposed to radiation. Uranium in the form of ammonium pyrouranate

is selected for the purpose of exposure to radiation., This is

- 10 -
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water, the fission product yield can be improved, This also in-
creases the uranium quantity, which must again be separated later,
This method perrits the separation of approximately 90 percent
uranium from vhe fission products, using limited quantities of
uranium, and within only a few minutes, Uranium'X is still
present in the fission products, Three methods are available

for furtner processing:

(1) The separation of uranium as sodium pyrouranate by
precipitating the uranium solution with sodium hydroxide., The
sevaration of the largest part of the synthetic alkali and alkali

eartn metals from urenium and uranium ¥ results

=Y

(2) The dissolving of uranium inte uranium ammonium car-
bonate, by dissolving the precipitate in excess ammonium carbenate,
The uranium was precipitated as ammonium pyrouranate with ammonia,
Separation of uranium from synthetically active earths, zircon,

niobium, etc,results, Uranium X remains among the earths,

(3) The precipitation of uranium as urenyl sodium acetate
by precipitation with sodium acetate from an acetic acid solution,
The separation of tne largest part of the uranium from all fission

products including uranium X results,
Further details are discussed in the special part,

A prior separation of uranium is not necessary for the pro-
duction of a series of fission products, as in the case of metals
precipitated with HpoS. The alkali earths, barium and strontium,
may also be directly obteined from the uranium product which was
exposed to radiation, Uranium in the form of ammonium pyrouranate

is selected for the purpose of exposure to radiation. This is

- 10 -
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easily obtained by precipitating a uranium salt with ammonia. The
precipitation of barium results from the uranate dissolved in con-
centrated hydrochloric acid., To separate the strontium (plus
parium) the uranyl nitrate is used since this precipitation occurs
from a concentrated, nitric solution. (Details to follow later).
4 These alkali earth metals are easily separated in pure form, This
facilitotes the prevaration of the metebolons, lanthanum, cerium,

and yttrium,
SEPARATION OF 'WHE RARE GASES ¥YROM URANIUM

The spatial elimination of the rare gases wxenon and krypton

which form during the uranium fission present an excellent method
cevies

for the production of a whole wuswsme of fission products. These
two gases are separated from the uranium during or after exposure
to radiation by means of a stream of air which is conducted through
the uranmium solution. They may ve messured directly or be separated
st low temperatures from the adsorption agents, in which case they
will form the decay products. A complete separation of krypton
from xenon, and consequently rubidium, strontitm, and ybttrium from
cesium, barium, and lanthanum is achieved by regulating the tem=-
perature selected for adsorption. Transformation products of a
short half-life period camnot be obtained by the latter method,
beceuse the processing of the adsorption agent requires several

minutes.

A method exists for obtaining transformation products of
the rare gases which have a short life. This process resulted
from experience with the so-called nemanating-method! used at the
Kaiser Wilhelm Institube for Chemistry. A uranium product is !

produced in such a surface~rich form that 1t is merked by a high |
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emanabtilng ability while in a dry state. The rare gases, originating
during exposure ro radiation, diftuse in high percentage quantities
from the surface-rich salt., Their iransformation products are
separated as invisible nactive precipitates” on a negatively charged
metal plate or foll and may be removed LY acid within & tew seconds.
1his method yielded cesium of L0 seconds helf-life, and & rubidium

of BO seconds.

A detailed discussion of vhe separation of rare gasesd and
their transfiormation products by spatial separation of the gases

from uranium will not be entered into here.

The separabion of fission products which are easily distilled

of f in elementary forms or as chemical compounds 18 similar in cer-

pain respects. This includes iodine, bromine, and certain platinum

metals.
A DIFFERENT ANALYSIS FOR SHORT~LIFE Ot LONG~LIIT TSOTOPES

Tt has already been pointed out that in the case of larger
quantities of uranium exposed o radiation, the main ouantity of
uranium 1s removed first of all prior to the actual separation of
the individuel fission products, in order o obtain smaller pro-
cessing volumesS. The quantities of uranium to be used for radiation
depend upon the experimental purpose in addition to the aveileble
radiating source. For the mere purpose of proving individual active
fission products, smaller uranium guantities are needed than for
obtaining already known isotopes of greater intensity, which may
be used for indicator experiments. fn order to determine the
chemical nature and the radiocactive constents of one or several

active atom variations after exposure to radiation, the presuned
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elements to wiich the synthetic atom variations presumably'belong

are added in weighable quantities. If not too short-lived sub=-

stances are involved, the usual separation procedure of analytical

chemistry 1s applied.

MwwdEmaywﬁﬂ.medpthmnanmdscmlmﬂyrmmbrm
used in the search and separation of short-life fission products.
When the available radiation sources are not too extremely strong,

Lnen uhe separation must take place SO that not more than four to

five half-life periods of the substance o be obtained have passed
between the end of the radiation and the peginning of measurement.
After this time only 6-3 percent of the originally available in-
tensity is left as initiating activitys The method of separation
is determined by the requirenents of speedy separation, specific
precipitation of the element concerned, and bhe insolubility of
the precipitate under precipitation requirements. A truly quanti-
tative separation in the sense of the analysis cannot be quite
attained under these circumstances. sufficient practice enabled
measurement of substances with half-life velues of #-1 minute and
radioactively pure, 1%-2 minutes after interruption of exposure to

radiation, WNeubron source, laboratory, and measuring room should

be close together to conserve time.

It is necessary bo know wiich fraction of the fission
products were obtained during the rapid separation operabions,
if yield determinations for the ipdividual fission processes are
to be carried out. This is not difficult after the decomposition

f the isotopes concerned. The quantity of the element pertaining

O

Lo the active isotope, added before the analytical separation, must

be known. The yield of the element concerned. is determined after

- 13 -
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tne measurement, using proved methods of analysis. 'he subsequent

yield determination by precipitation of the measured preparation,

as with barium sulfate, results if the barium was precipitated and

neasured as chloriae from en added, known quantity of parium added

to uranium wnich nad been exposed o radiation. pPurely analogous

methods are used with the other elements,
SKVERAL ANALYLTCAL SHOKT CuTs
Tt was previously pointed out that uvhe element with its ac-

tive isotopes are not present alone in tne precipitate during the

separation of well=crystallized precipitates. There also are

isotopes of  such elements wnich form mixed crystals with the pre-

cipitated element, If larger gquantities of strontium are prem=
cipitated as nitrate, The unweighable quantities of active barium
isotopes which may be present are also precipitated as mixed
crystals, lhe active barium is separated from the strontium as

chromate by minimal quantities of weighable barium after the

purification of the strontium precipitate. This indirect method

of barium separation is recommended if the active varium is to be

obtained in a highly concentrated form, Too many of the desired
active isotopes are retained in solution during the simpler, direct
separation of barium as chloride. This is due to the solubility of

the cnloride, which is not to be neglected, in concentrated hy-

drochloric acid, even though only small quantities of ocarium are

used,
) . . S e T :
Strontium ig obtained in highly concentrated form by pre=- ]
cipitating the nitrate with barium as a carrier and carrying oub 1 ]
b

the barium~-strontium separation after adding very small quantities :

of strontium.

- 1h -
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Another example of the use of a mixed crystal formation is
the concentrating of element 93 with the chemically similar uranium.
The element 93 together with uranium as uranyl sodium acetate is
precipitated in a mixed crystal-like form in an oxidized (valence
6) state, In this memner it is liberated from the uranium fission
producvs, Blement 93, with 2 valence of L, to which it easily
changes, does not form any mixed crystals with the uranyl salt,

and may be easily separated from the uranium in this msnner,

One is not limited to only coarsely crystalline precipitates,
even though these rapidly yield pure preparations, It is not adm
visable to separate thorium from the earths by addition of weigh=

able thorium ouantities because of h

their netural activity, when
the /57—radiating thorium isotope uranium X is separaved from

the eartns ori

nating during the fission of uranium. Therefore

sircon is selected as carrier for uranium L. 1f

is desired to
separate active zircon isotopes from uranium X after the separation
of the earths, a reaction is selected in which thorium and zircon

differ. An inactive earth may be selected as carrier for thorium,

Tt is not difficult to find a method for separating an
element to be separated in a small quantity of weight. This is
achieved by using a chemically similar inactive element in
larger quantities, which behaves differently. This permits the
separation of the element from all other non-desirable elements.
To obtain the active element, in light-weight quantities, it is

necessary to separate the added inactive carrier,

among the numerous fission products of uranium, some elemenucs
are obtained radioactively pure much more easily than others., The

separation of the rare earths from one another and from uraniuvm X
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requires experience and Lakes considerable Lime because of the
presence of acltive contaminations in the form of strongly ad-

sorbed precipitates, It is fortunate that the earths are de-

composition products of the alkali earth metals which are easily
obtained in a pure state in coarsely crystalline form. The
dauchter substance may be simply oobtained from the mother subw=
stance rather than from the complicated mixture of numerous

fission prouucts when the mother substances do not have too short

a half fe period in comparison to chelr transformation products,
Important yttrium and lanthanun isotopes nay uve separated from
the strontium and parium isotopes in this manner., Similorly
niobium may be separated from zircen, praseodymium from cerium,
jodine from tellurium as well as some platinum metals., If the

half life of the mother substance is much greater than that of

the daughter substance, the latter is always easily separated

again. The previously-mentioned separation of the rare gases
from the uranium solution or from the "highly emenating! uranium

salt makes use of the same advantage of easy separalbion from

mother substances.
PROCESSING AND MEASUREMENT OFF THE PRECIPITATES

The separation and purification of the numerous precipi-
tations, which arise during the processing of the uranium exposed
to radiation, require numerous filtrations, wanich often must tlake
place very rapidly. The usual funnels and doubly~-folded iilters
were not used. Simple, porcelain funnels, consisting of two parts,
proved very useful., Illustration I shows such a funnel assembled 5 ;
on the filter support and disassembled on the left hand side of

the illustration,
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The two paris Are abraded with respect o egach other, Hardened
filters from schleicher and Schﬁll were used. In most cases
however, membrane f41lters from the Membrane—Filuer—Society of
}gttjnﬁen were used. A funnel with 5 diameter of li cenbimeters
is used for the separation of active isotopes with an added
carrier element. frunnels, T centimeters in diameber, are used
for larger precipitatian guantities. The funnels may bE obtained.
fron the Federal Manufacturer of Porcelain in Beriin, Similar

glass funnels may be obbtained from gchott and Companye

since all precip1'4tes are removed OY guctlion, no liquid

escapes from the sides of tne funnel paruvs.

The filbration and. washing are rapid, The upper part of
the funnel is removed toward the end ol the washing and the edge
of the filter is washed, After drying (not over 150 degrees if
membrane filters are used) the smooth filtrate is directly availa-
ble for neasurement in the counter. Pefore measurement the fil-
trate is covered with a foil of very thin adhesive cellophane,
which was provided by Kalle and Company piebrich a. Ri. in strips

of proper widthe

The measuremnent of sctivity follows in the general fashion
in a Geiger—Mﬁller counter. To shield a part of tne penetrating
radiation ( p -rays and cosmic rays in the air) the counter 1s
enclosed in & thick lead casing, as shown in the illustration. A
standard measurement is regularly made with a thin layer of uranium
oxide or a piece of uranium glass for comparisons of activity and
for measurements'repeated over an extended time span. The obtained

activities are converved to -the same standard.
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Tf sufficient counters are available, it is recommnended
that a thin-walled (5 or 10 u ) counter is available for the de-
tection of easily absorbed /ﬁ?~rays in addition to the usual 100

S =counter. A conclusion concerning the purity of the prepa-
ration in question may be drawn from the nsoftness" of a certain
radiation., The use of the same counters for disintegration
measurenents, occurring over periods of months or years, is
discouraged. Counters used for irequent control measurements ol
precivitates wnich &re still to be processed are overburdened ;

and frequently become defective,

The evaluation of uie activivy curves for tihe disenvangle-

ment of the isotope mixtures and their transformation series was
dealt with in vhe report (Pruss, Acad. Sciences) mentioned in the

foreword,
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